presented the conversion-electron data of a large number of rare earth isotopes, including all but one (Dy 155 ) of the four above-mentioned activities.
The agreement between the two works is .good. Some additional conversion lines, .
~4 ~0
The electron-9apture decay data of Tb and Ho are compared.with data obtained by other workers in the negatron decay of Eu 1 5 4 and Tb 160 to . 154 160 levels 1n Gd and Dy , respectively, and transitions common to both modes of decay are noted.
.
INTRODUCTION
. 1
In our studies of rare earth alpha-particle emitters, using scintillation-spectrometers, we obtained num~rous gamma spectra of neutron-deficient isotopes in this region of the periodic chart. We felt that it would be of great value to supplement the gamma-ray data by using instruments of much higher resolut-ion, namely electron spectrographs. The instruments used _to measure the energies of the conversion electrons were perml?llent-magnet spectrog~aphs. These are 180:-degree spectrographs, four of which have been described by Smith. with alpha particles accelerated in the Berkeley 60-inch cyc+otron. These samples were several milligrams in weight.and were subjected to irradiations ranging up to 100 microampere -hours. ~e oxides, l;>ombarded were: (c) Natural ·terbium consisting of lOQ% Tbl59.
After bombardment an ion-exchange column was used to separate the rare earths from one another by a method described by Thompson more basic the eluant, the faster the activity is eluted from the column. The pH in this research was varied between 3.9 and 4.3. Separations of the rare earths .w~re very satisfactory.
After ion-exchange separation of the target material, .the drops of a-hydroxyisobutyric acid solution containing the rare earth activity were combined and made 0.1 N in HCl. This solution was·placed on a .resin column ·of 4% cross-linked Dowex-50. The size of this column was varied according to the amotint of solution present. Half-normal HCl was passed through until all the a-hydroxyisobutyric ~cid was removed and the ac-tivity was then stripped off with 6 N·HCl. The hydrochloric acid solution was brought to dryness, takenup in water, and evaporated to dryness again to remove all excess HCl.
The activity was then plated onto a 10-mil-diameter platinum wire from a solution of 0 .1 !'i ammonium bisulfate at a pH of 3. 6. The procedure used was fl1m:ilar yo that _of B. G. Harvey in which the wire is made the cathode .of an 4 .
electrolytic ce:ll. Because the hydroxide ion concentration is high around the cathode, the rare earths are de~osited on the wire as hydroxides. The wire was held ih a Bunsen burner flame for a few seconds 15efore being placed in the spectrograph. The plating yield varied but averaged about 50%.
The nuclides studied were Tbl53 ~l5 A decay scheme is proposed on the basis of sums and differences and is shown in Fig. 1 kev, again in analogy to a .60.1-kev transition in Gdl55, we propose a state at 41.68 kev because the latter transition seems to be so.much stronger than the 68.1-kev one. The 212.3-kev transition is proposed because gamma rays have been identified which ·fit well as the differences between this state and the other three already proposed. No spins can be assigned to any of the levels at this time.
A gamma spectrum was not obtained for Tbl53
Terbium-154
Terbium-154 was produced by the method described in the preceding section.
The lines belonging to it were assigned as described previously, and are listed in Tal::>le II.
. -7-UCRL-8373 Fig. 3 ,7 so that the differences and similarities of the two spectra can be noted. The 34o-kev peak is absent in 154 Eu decay. The high-energy portions of the two spectra resemble each other.
In each there are three gamma rays, whose energies are about 88o, 1000, and
128o kev. Stephensu spectrum also shows two peaks .at 600 and.750 kev. In the same region of our spectrum there is a broad peak which undoubtedly encompasses several transitions. The latter could include, in addition to the gamma rays at 600 and 750 kev, the two transitions seeri by us whose electron lines are listed in Table II The energies of the 1008-and 128o-kev gamma rays were taken .from the conversionelectron data on ,Eu 154 decay of Juliano and Stephens.9 It is most likely that the 1131-kev peak is a stack-up peak and.not a true gamma ray since for spectra taken at different distances from the crystal the intensity of this peak was seen to diminish relative to the 1000-kev peak as the geometry was decreased. This is not true of the 1410-kev peak, since its intensity remained approximately unchanged relative to the 1280-kev gamma ray as the geometry was varied. Perhaps ' 154 the 1410-kev peak is a gamma ray that does not belong to the decay of Tb that it could be an E2 transition to the 4+ state from the next member of the rotational band, whose spin and parity would be 6+.
l '4 The 69l.8-kev transition must belong to a level in Gd 5 because i t was seen by Juliano in Eu 1 5 4 decay. 9 Thi:3 fact was established by placing one of his photographic plates exposed in the same permanent-magnet spectrograph side by side with our plate on which the transition was seen. By lining up the t\\'0 • .. str~ng transitions of 123 and 248 kev on both plates we determined that our ~ 691.8-kev gamma ray was the same as one of his high-energy gamma rays. However, he lists the .energy of the K conversion-electron line as 643.6 kev, yielding .a transition in gadolinium of 649.1 kev. As a difference of more than 2 kilovolts is outside the scope of experimental error, his electron-lihe energy was recalculated and found to be in error. He also lists an LI line for the same transition. We were unable to see this LI line on any of his plates. exposed in the permanent-magnet spectrograph in question. Presumably he must have been able to identify the line on a spectrograph with a higher field (PM IV) and used the field calibration of that spectrograph to calculate the energy of the transition. The use of energy calibrations from two different spectrographs could account for the difference in the calculated energies for the same transition. We believe our transition energy to be the more correct one, since the calibration of PM IV is not so accurate as that of PM III.
., ' 4 He does not place this transition in the Eu 15 decay scheme. other isotopes made in any quantity in the bombardment were Tbl53 and -Tbl55.
The half-lives-of the latter two nuclides are 60 hr and5 days respectively.
-If the transition were in the decay of either of the two iso:t;opes it would have appeared in the second and longer exposure in which the conversion,"-153 ,, ·electron lines' ofTb were identified.
Some of the other gamma rays reported by Juliano and Stephens 9 have been observed by us in scintillation spectra. As _mentioned previously the gamma~ray peaks at 880, 1000, and 1280 kev are seen in both. Figs. 2 and 3 .
The energies of the gamma rays as reported by Juliano and Stephens from their conversion-electron data are 875, 998, 1007, and 1278 kev •. The 1000-kev peak 1 in both scintillation spectra evidently includes both the 998-and 1007-kev gamma rays.
Thus out of the ten gamma rays that comprise the disintegration scheme The electrons in part (a) of Table III ...
• -13-UCRL-8373 .. The multipolarities of the transitions thus seem to be in agreement with the spin and parity assignments of the levels in Fig. 5 .
UCRL<-8373
Hol.Inium-160
Holmium-160 was made by bombarding Tbl59 with 48-Mev alpha particles.
I
Terbium is a monoisotopic element and therefore, at the bombarding energy, . . . 159 160 the isotopes that would be produced ln any quantity are Ho , Ho , and Ho 161 . By the time a.wire source could be prepared ~ost of the Ho 159 (33-min half life) had decayed, so that this nuclide offered no obstacles in determining the Ho 160 electron lines. Two experiments were carried out. In the second experiment the sample that was prepared was much more intense than in the first bombardment. As a consequence the less intense sample was placed in a permanent-magnet spectrograph with a low magnetic field in a .search for the lower-energy lines already reported by Mihelich et a1. 5 The more intense wire sample was placed in the permanent-magnet spectrograph whose field is about 340 gauss, in order to observe the high-energy gamma rays that were known to follow the decay 160 ' of Ho from the gamma spectrum (see The gamma-ray spectrum of Ho 160 is shown in Fig. 6 . Gamma rays are evident at energies of 90, 200, 65,1 730, 890, and 970 kev. All except the 970-kev photon have been identified by their conversion electrons in Table V .
There is a slight rise in the spectrum in the vicinity of 400 kev, which may indicate the presence of a 395-kev gamma ray reported by others in the decay of Ho16o. 11 160 Although a complete decay scheme for Ho cannot be proposed at this time, 'a start can be made if the decay scheme of Tb 160 as proposed by Nathan 12 is considered and gamma rays common to both decays are noted.
Transitions common to path decays and seen by us in our conversion-electron spectrum. are 87. This report was prepared as an account of Government sponsored work.
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